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1 
This invention relates fo interstage couplin 
transformers for use in signal amplifying systems. 
More particularly this invention relates to fixed 
Ïrequency coup]ing transformer utilizing electro- 
luechanical elements to achieve a highly selective 
bandpass network suitable for use in selective 
signal amplifying systems such as interluediate- 
frequency amplifiers. 
Magnestostrictive effects have been observed 
by investigators for the past 50 years or more. 
One of the effects noted is the decrease in the 
eIectrica] impedance of an inductor or coi] over a 
very narrow banal of frequencies when associated 
with a polarized vibrating element of magneto- 
strictive ns.aterial having a predeterluined fie- 
quency oî ifs luechanica] resonance. 
Some of the signal amplifying systelus in radio 
receivers are eluployed to amplify the signal- 
modulated carrier waves before final detection 
or demodulation to recover the modulation or in- 
telligence signals. In such cases, it is necessary 
to restrict the signal amplification to a particular 
band of frequencies so that suitable selection 
may be effected of a desired one of a number of 
adjacent carrier wave signaling channels. 
Superheterodyne receiving systems utilize a 
fixed Ïrequency ampliïying system referred to as 
an intermediate-frequency amplifier. The sig- 
nal-modulated carrier waves which are impressed 
upon an aluplifying system of this character from 
the output circuit of a frequency converter stage 
have a predetermined fixed intermediate fie- 
quency. Accordingly, such an amplifier is 
quired to effecfi amplification substantially 
uniforluly over a hand of frequencies centered 
about the fixed intermediate-frequency. The 
width of the frequency hand to be aluplifled 
for ns.axiluum fidelity of signal amplification 
should be substantially equal to the hand 
width of the carrier wave signaling channel. At 
the SalUe tins.e, the alUplifying system shouid be 
capable of substantially completely attenuating 
all frequencies outside of the predetermined hand 
in order to prevent interference from signal- 
moduiated carrier waves having frequencies in 
adjacent signaling channels. 
Accordingly, intermediate-frequency signal 
alUplifying systems are provided with resonant 
circuit facfiities designed fo tender the systelU 
effective for the amplification of the desired sig- 
nals and, at the saine tilue, fo tender them in- 
effective for the amplification of undesired sig- 
nals in channels adjacent to the selected one. 
Whfle the tuned circuits of frequency selective 
aluplifying systeras of the character described, in 
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most cases operate satisfactorily, there are nu- 
merous instances where, by reason of the fact 
that the radio receiver is lUade highly sensitive 
for the reception of relatively weak signals, 
5 latively strong signals in adjacent channels are 
hot completely rejected by the tuned circuits of 
the amplifying systelUs so that some interference 
and consequent signal distortion resuits. Usually 
the deficiençy of Ïrequency selective ampliïying 
le systems is caused by the fact that the resonant 
circuits do not have a sufficiently sharp cut off at 
the limiting frequencies of the frequency hand to 
be alUplified. 
Systems of the prior art, which have been de- 
15 vised to provide a greater slope of the response 
characteristic at the limiting frequencïes of the 
response characteristic, have included the utiliza- 
tion of a plurality of inductively coupled tuned 
circuits, feedback networks exhibiting high Q 
20 characteristics, and mechanically and inductively 
coupled absorption devices. However, many of 
these devices, due fo their fixed nature, require 
highly exact manufacturing techniques with a 
consequent high cost. Also, in the devices of the 
25 prior art, the features of simplicity of structure 
and efficiency of operation were generally mutual- 
ly exclusive. 
Accordingly, it is an object of this invention fo 
provide an improved, frequency-selective cou- 
80 pling transforluer wherein frequencies adjacent 
the band of frequencies to be passed are substan- 
tially completely attenuated. 
It is another object of this invention to provide 
an improved coupling transformer having energy 
35 absorbing facilities respectively resonant at fre- 
quencies ilUmediately adjacent the band of fre- 
quencies to be passed. 
It is a further object of this invention to pro- 
vide a highly efficient ilUproved interstage cou- 
40 pling transformer having a magnetic structure 
and electro-mechanical facilities so arranged as 
to establish á relatively high Q energy absorbing 
system to attentuate frequencies adjacent the 
banal of frequencies to be passed. 
45 In accordance with the present invention there 
is provided a frequency-selective signal-amplify- 
ing system embodying one or more interstage 
coupling transformers coupled between a source 
of signals and a signal alUplifying device or util- 
50 ization apparatus. The transformer comprises 
inductively coupled primary and secondary wind- 
ings, each of which lUay be capacitively or induc- 
tively tuned for resonance in the hand of frequen- 
- cies to be amplified. Each of the windings is pro- 
55 vided with a core of luagnetic material having at 
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3 
least one face which extends beyond the periph- 
ery of the windings. A pair of electro-mechan- 
ically resonant bars, resonant at îrequencles ad- 
jacent the hand oï frequencies to be amplified, 
are disposed contiguous to the extending ïace oï 
one of the cotes so as to absorb, and thereby pre- 
vent the transfer of energy at the frequencies of 
mechanical resonance. 
The organization and method of operation of 
the invention as well as additional objects and s,d- 
vantages thereoï, will best be understood from the 
following description when read in connection 
with the accompanying drawing in which like 
referez_ce numerals have been used for like parts 
throughout, and in which: 
Figure 1 is a diagrammatic representation, 
partly in block diagram, of a frequency selective 
amplifying system embodying the invention; 
Figure 2 is a side elevation view of the device 
illustrated in Figure 2; 
Figure 3 is a front elevation view oï the pri- 
mary structure of a transformer embodying the 
invention; 
Figure 4 is a side view of the secondary struc- 
ture of a transformer embodying the invention; 
Figure 5 is  front elevation view in cross- 
section, oî the device illustrated in Figure  
taken along line 5--5; and, 
Figure 6 is a graph showing curves illustrative 
of the frequency response characteristic of the 
transformer structure of the invention with and 
without the magneto-strictive elements. 
Referring now to Figure 1 of the draving, 
there is shown  source 8 of signal-modulated 
carrier waves. For example, the signal source 8 
may be a frequency converter stage of a super- 
heterodyne radio receiver. The output circuit 
of the signal source  is coupled to the primary 
winding 9 of an interstage coupling transformei 
{}, which, in the case of a superheterodyne radio 
receiver, may be the first stage intermediate- 
frequency transformer. The winding 9 is tuned 
to resonance by an adjustable shunt-connected 
capacitor ! for response over a predetermined 
hand of frequencies, the center frequency of 
which coresponds to the predetermined iter- 
mediate frequency. 
There is inductively coupled to the primary 
winding 9 a secondary winding 12 which may 
also be tuned to resonance at the intermediate 
frequency by an adjustable shunt connected 
capacitor I. 
The primary and secondary windings respec- 
tively have associated therewith individual cores 
14 and !5. The shape of the cotes 14 and 15 are 
illustrated in Figures 2' through 5. It is noted 
at this rime that the depth of the slot !8 in the 
opposing faces I], 18, 19 and 28 of the cotes I 
and 15 is respectively greater than the thickness 
of the engaged windings 9 and 12 so that a por- 
tion of each cote extends beyond he periphery 
of Its winding. These cores, or bobbins 14 and 
15, are made er fera'ire or powdered iron to pro- 
vide a magnetic structure of low reluctance. It 
is, of course, te be understood that the particular 
form of the cote 14 or. 15 is illustrated purely by 
way of example and that the lirniting require- 
ment is that a portion of the cote must extend 
beyond the periphery of its coil or winding so 
that the magnetic circuit is efficiently closed 
through the bars by virtue of physical contact 
between the bars and the cote across a slot for 
receiving the coit. 
There is associated with the secondary struc- 
ture, wlnding I' and cote 14. a pair of magneto- 
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strictive, electro-mechanlcal resonant bars 
and 22 and a permanent magnet 23 to provide 
magnetic bias for the bars 2 and 22. These 
bars, 2 and 22, are good electro-mechanical res- 
5 onators preferably being ruade of magnetostric- 
tire material, such as certain magnetic ferrites. 
The dimensions of the bars 2 and 22 are such 
that bar 2! bas a sharp mechanical resonance 
point at a frequency which is lower than the 
]0 hand of intermediate frequencies, and the bar 22 
has a sharp rnechanical resonance point at a 
frequency which is higher than the hand of in- 
termediate frequencies, it is, of course, to be 
understood that the mechanical resonance points 
15 of the respective bars can be opposite to that in- 
dicated as the specific assignment of resonant 
ïrequencies is selected for the purpose of illus- 
tration only. Also, it is fo be understood that 
the magnetic bias provided by permanent mag- 
e0 net 2 can be provided by electro-magnetic 
means. 
The secondary winding | is coupled to the 
input circuit of a signal amplifying stage 
which may be an intermediate frequency ampli- 
25 fier stage, a combined detector and modulation 
signal amplifier stage or other utflization device. 
It can be seen by reference to Figures 4 and 5 
that the electro-mechanical bars 2 and 2 are 
disposed in contact with the face 9 of the cote 
0  thereby providing a low reluctance magnetic 
link for the intermediate-frequency magnetic 
fields established by current in the secondary 
winding 2. The intimate coupling provided by 
the structure of the invention is necessary fo fuil 
35 utilization of the absorption phenomenon at 
electro-mechanical resonance of the magneto- 
strictive bars 2 and 22. The permanent magnet 
2 is disposed in contact with the side of the bars 
opposite to cote ! to provide magnetic bias for 
0 suitably polarizing the two bars for good magne- 
tostrictive activity. It is, of course, within the 
purview of this invention that the absorption 
structure as herein described can be associated 
with the primary structure of the transformer as 
5 it is evident from an inspection of Figures 2 
through 5 that the windings and cotes of the 
primary and secondary structures are equiva- 
lent; however, the embodiment herein discussed 
and illustrated is preferred. 
5O leferring now to the operation of the appa- 
ratus embodying the present invention, addi- 
tional reference will be made fo Figure 6 of the 
drawing. Curve A illustrates the frequency ver- 
sus signal output characteristic of a coupling 
55 transformer constructed in accordance with Fig- 
ure 2 through 5 but without the energy absorp- 
tion facflities. It is seen that, in the regions 
bordering the desired hand width of frequency 
response, which is represented by the frequency 
6O spectrum between the vertical lines C and D on 
the graph of Figure 6, there is a considerab]e 
response by the transformer fo frequencies im- 
mediately adjacent to the limiting frequencies, 
vertical lines  and D of the graph of Figure 6, 
65 of the hand which it is desired fo amptify. How- 
ever, by the use of the magnetostrictive bars 
and 2 in accordance with the invention, the 
slope and width of the two skirts of the curve 
may be materialIy modified as indicated by the 
7O dotted line curve B. At resonance the bars wi]l 
draw energy from the secondary circuit and in 
effect make if appear like a very high Q trap 
circuit. 
The sharp attenuation of the frequencies out- 
7 side of the desired pass hand which is indica.ted 
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by the section of the curve lying adjacent the ver- 
tical line C is effected by the action of the mag- 
netostrictive bar 2  which is resonant at this par- 
ticular frequency, and accordingly, absorbs sub- 
stantial energy from the signals impressed upon 
the secondary winding 2 to produce the sharp 
dip indicated in the curve. 
Similarly, the section oî the curve lying adja- 
cent the vertical line Dis effected by the action 
of the magnetostrictive bar 22 which is resonant 
at this particular frequency, and accordingly, ab- 
sorbs substantial energy at frequencies above the 
desired pass hand. 
It, therefore, may be seen that the use of mag- 
netostrictive bars .2 ! and 22 in the coupling trans- 
former !} produces a materially sharper cutoff 
of the tuned circuits of the transformer. 
It should be apparent that the improved fre- 
quency selective signal amplifying system in 
cordance with the present invention provides for 
a relatively high order of adjacent channel fre- 
quency rejection with a minimum modification 
of conventional interstage coupling transformers. 
It shou!d be apparent that the improved coupling 
between the magnetostrictive element and the 
transformer cores, as provided in accordance with 
this invention, could also be utilized to energize 
the driven element in a magnetostrictive filter 
system. The .coupling as herein provided would 
give imloroved input coupling to and improved 
output coupling from magnetostrictive fllter sys- 
teins thereby enabling more efficient use of such 
systems. 
In order to more clearly describe the operation 
of the signal amplifying system embodying the 
invention without, however, intending fo restrict 
i,s field of use, assume that it is to be used in 
the intermediate-frequency amplifying stages of 
a superheterodyne receiver for the reception of 
radio-frequency carrier waves in the broadcast 
hand of frequencies. In such a case, the center 
intermediate-frequency may be 455 kilo,y,les, 
which is indicated by the vertical heavy line E 
of ]Figure 6. In the amplitude-modulation broad- 
cast hand adjacent channels are spaced apart by 
10 kilocycles. Accordingly, in the transformer 
!} the magnetostrictive bar 2 should be ground 
so that it is risonant ata frequency of 445 kilo- 
cycles corresponding to the heavy line C on the 
graph of tigure 6, and magnetostrictive bar 22 
should be ground so that it is resonant ata fre- 
quecy of 465 kilocycles corresponding to the 
heavy line D on the graph of Figure 6. 
Obviously, other frequencies may be chosen by 
those skilled in the art for accomplishing differ- 
ent results vithout departing from the scope of 
the present invention. In one particular case, 
however, when operating according fo the spe- 
cific frequencies referred fo, the transformer 
cotes were ruade oî magnetic ferrite material ap- 
proximately 0.50 inch square in cross section and 
approximately 0.25 inch in thickness. The mag- 
netostrictive bars were made of magnetostrictive 
material approximately 0.125 inch square in cross 
section and approximately 0.215 inch in length. 
The individual bars were ground specffically dif- 
îerent in order to effect resonance thereof at 
the desired frequencies. The adJustment in 
length o£ t.he bars, however, is one which, it will 
be understood by those skilled in the art, is com- 
parable fo the adjustment of a trimmer capa,i- 
for for achieving the exact resonance desired. 
If was round that, when using bars of the char- 
a,ter described and when operating at the par- 
ticular frequencies referred to, in one transformer 

'6 
ar. increased attenuation of adjacent channel 
signals was in the order of 3.6 to 1 on the. high 
side and 5.56 to 1 on the low side with an aver- 
age increased adjacent channel attenuation of 
5 4.58 to 1. 
There bas therefore been provided s. novel and 
useful coupling transformer having a core and 
absorption facilities so as to effect a greatly im- 
proved adjacent channel attenuation where itis 
10 desirable to select a desired hand of frequencies 
fo the substantial exclusion of frequencies lying 
without the desired hand. 
What is claimed is: 
1. A coupling transformer for a source of 
ï5 signal-modulated carrier waves having a pre- 
determined frequency hand, and comprising in- 
ductively coupled primary and secondary wind- 
ings tuned for resonance in said predetermined 
frequency hand, a core for each of said windings, 
20 said cote including at least one surface having a 
Slot therein to receive said winding and being 
of a depth greater than the thickness of said 
winding, said winding being disposed within said 
said slot, magnetostrictive resonating bars con- 
25 tiguous fo said surface and perpendicular to said 
slot thereby being magnetically coupled with 
said secondary winding, said bars being resonant 
respectively at different desired frequencies out- 
side of said predetermined hand of frequencies, 
30 and magnetic means assoicated with said bars 
ïor providing a predetermined polarizing mag- 
netic bias. 
2. A hand pass coupling transformer adalted 
fo couple the output circuit of a source of signal 
su modulated carrier waves having a predetermined 
ïrequency hand fo the input circuit of a signal 
utilization means, and comprising primary and 
secondary structures each including a core of 
magnetic material, a coil on said cote, said coil 
,0 being adapted tobe tuned for resonance in said 
predetermined frequency hand, said cote being 
ïormed with a slot in one face thereof to receive 
said coil and being of a depth greater than the 
thickness of said coil, said structures being in 
45 juxtaposition and inductively coupled, a pair of 
ma«netostrictive resonating bars contiguous to 
said slotted face of said secondary structure and 
perpendicular to said slot, each of said bars being 
respectively resonant at a different frequency 
5O outside of said predetermined hand of frequen- 
cies; and magnetic means contiguous with said 
bars opposite said cote for providing a predeter- 
mined polarizing bias. 
3. A hand pass coupling transformer for a 
55 source of signal-modulated carrier waves having 
a predetermined frequency hand and comprising 
a primary and a secondary structure each in- 
cluding a core, said cores being formed of mag- 
netic material and having two parallel and op- 
60 positely disposed faces, each of said faces having 
a slot therein,, a coil on each of said ,ores, said 
coil engaging said oppositely disposed slots and 
and the periphery of said coils being within the 
confines of said slots, said coils being adapted to 
65 be tuned for resonance in said predetermined 
frequency hand, said structures being in juxta- 
position and inductively coupled, a pair of elec- 
tro-mechanical resonating bars positioned con- 
tiguous with one of said faces of one of said 
7O structures, said bars being respectively resonant 
at different frequencies adjacent said prede« 
termined hand of frequencies, and a magnetic 
means contiguous with said electro-mechanical 
bari for providing a predetermined magnetii 
75 bias. 
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4. A banal pass coupling transformer for a 
source oî signal-modutated carrier waves having 
a predtermined ïrequency band and comprising 
a primary and a secondary structure each in- 
cluding a cote, said cote being formed of mag- 
netic material and having two paraltel and op- 
positely disposid faces, each of said faces having 
a slot therein, a coit on each of said cotes, said 
coil engaging said oppostely disposed slots and 
the periphery of said coils being within the con- 
fines of said slots said cofls bein adapted tobe 
tuned for resonance in. said predetermined fre- 
quency banal, said structures being in juxtaposi- 
tion and inductively coupled, a pair of electro- 
mechanical resonating bars positioned contiU- 
otm with' one of said aces of said primazy struc- 
ture, said bars. being respectvely resonant ät 
different frequencies: adjacent said predeter- 
minid banal of ffequencies; and. a permanent 
magnet contiguous with both of said electro- 
mechanical bars for providing a predetermined 
magnetic bias. 
5,. A banal pass coupling trans£ermer ïer, a 
source of signal modu]ated carrier waves having 
a, predetermined frequency hand and. comprising 
a primary and a secendary structure each in- 
cluding a cote, said cere being formed of finely 
divided magnetic material and havin two par- 
a]lel and oppesitétF disposed faces, each of said 
faces having a slot therein, a coil on each of 
said cotes, said coil engaging said oppositely dis- 
posed s]ots and the periphery of said colls being 
within the confines of said slots, said cofls being 
adapted to be tuned for resonance in said prede- 
termimed frequency band, said structures being 
in juxtapositie and inductively coupled, a pair 
of electro-mechanical resonating bars positioned 
contiguous with one of said faces of said sec- 
ondary structure,, said bars being zespectively 
resenant at diffeent frectuencies adjacent said 
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predetermined band of frequencies, and s per- 
manent magnet contiguou with both of said 
electro-mechanical bars for providing a prede- 
termined magnetic bias. 
5 6-. A band pass coupling transformer for a 
source òf signal modulated carrier waves having 
a predetermined frequency banal and comprising 
a primary and a sicondary structure iach includ- 
ing a cote of fine]y divided magnetic material, a 
]0 toit on each of said cores a capacitor connected 
in shunt with each of said cofls for tuning said 
cofls fer resonance in said predetermined fie- 
quency banal, said cote including at least one 
surface having a s]ot theein to receive said cofl, 
15 said slot being of greater depth than the thick- 
ness of said cofl,, said structures being in juxtapo- 
sition and inductively coupled, a pair of magneto- 
strictive resonating bars contiguous to said slot- 
ted surface of said seconday structure and per- 
20 pendicular fo said slot» one of said bars being 
respectively resonant st adjacent frequencies be- 
low and above the limiting frequencies of said 
predetermined band of îreqnencies, and a per- 
manent magnet contiguous to said bars opposite 
25 said cote for providing a predetermined polariz- 
in magnetic bias. 
LOUIS E. POTIER. 
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